Abstract. Surveys of the incidence of flea beetles on sugarbeet and rapeseed were carried out in eight localities in southern and central Finland in 1972 and 1980-83. The first flea beetles emerged from overwintering in late April to early May, depending on the temperature. The majority, however, appeared during the second half of May, when daily temperatures occasionally reached +2O°C. Flea beetles found their host plants by olfactory orientation. Two population peaks occurred during the growing season. The overwintered flea beetles formed the first peak in late May to early June and the adults of the new generation the second peak starting in late July. The incidence of flea beetles fluctuated greatly on the cultivation, as the flea beetles moved only short distances and showed thus very local occurrence. The availability of host plants greatly affected their reproduction rate, and thus the annual and regional differences in the incidence of the flea beetles were great and depended solely on the availability of host plants. Therefore it was difficult to establish any countrywide differences in the incidence of the beetles.
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Only Phyllolrela undulala (Kutsch.) and P. slriolala (F.) were of any importance as pests of rapeseed. P. undulala made up some 80-90 % and P. slriolala some 10 % of the total number of flea beetles on rapeseed. P. slriolala was more abundant on radish than on rapeseed. Sugarbeet was damaged only by Chaetocnema concinna (Marsh). Other species of flea beetles were also observed in small numbers on rapeseed, radish and sugarbeet. They did not, however, cause any damage, but spread from adjacent cultivated plant species or weeds. The suction trap collected only a few flea beetles, but clearly revealed their activity periods.
Damage caused by flea beetles is most harmful during the short seedling stage. At that time one flea beetle per plant was considered the threshold level for control measures. Later, even several flea beetles did not significantly hamper the growth. Seed coating efficiently prevented damage by flea beetles. The general incidence of flea beetles observed during this study was so low that coating of the seed was not justified. Chemical control of blossom beetle efficiently reduced flea beetles as well. The abandoning of the cultivation of winter rape also reduced the total number of flea beetles.
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Introduction
In Finland, 86 species of flea beetles (Coleoptera, Chrysomelidae, Halticinae) have been described (Silfverberg 1979) . Most of the species live on native plants, although there are some harmful species, especially among Phyllotreta and Chaetocnema. Phyllotreta lives almost exclusively on plants belonging to the family of Cruciferae but also on closely related Äesecto-species and on Tropaeolum. Only Phyllotreta vittula (Redt.) lives on the family of Graminae (Heikertinger 1912 , 1954 , Freude et al. 1966 . Chaetocnema lives primarily on plant species of Polygonaceae, Chenopodiaceae, Cyperaceae, Juncaceae and Graminae (Heikertinger 1954) . Of the nine Chaetocnema species found in Finland, four are considered to be pests, Chaetocnema concinna being the most harmful (Vappula 1962 ).
The significance of flea beetles as permanent pests has been known for decades. The worst damage occurs early in the spring on cultivated Cruciferae and sugarbeet, when overwintered adults devour cotyledons. Tullgren (1929) , Rostrup (1940) , Muhlow and Sylven (1953) , Vappula (1962) and Nielsen (1977) and others have studied the distribution and biology of flea beetles in the Nordic countries. In general their global distribution and biology are rather well known (e.g. Heikertinger 1912 , 1954 , Blunck 1921 , Löttge 1955 , Burgess 1977 and Sommer 1981 . In Finland, the distribution of flea beetles and their host plants have been studied by Poppius (1901) , Linnaniemi (1916 Linnaniemi ( , 1920 Linnaniemi ( a, 1920 Linnaniemi ( b, 1935 , Saalas (1933) and Vappula (1962) . In spite of their annual occurrence and regular control, the quantitative relationships of flea beetle species and threshold levels have not yet been studied at any level. On the other hand, studies on the control methods have been numerous (e.g. Jameson 1958 , Tiittanen & Varis 1960 , 1961 , 1963 , Kinoshita et ai. 1978 , Lamb 1984 .
The aim of this study is to explore the quantitative relationships in the flea beetle fauna, their fluctuation within the growing season and from year to year as well as the damage caused by flea beetles, and the threshold levels for control measures. The ability of flea beetles to move to their host plants and other factors of orientation were also observed.
Material and methods
Over 60 000 flea beetles were collected using different trapping methods in 1972 and 1980 -83. Most of the experiments were carried out at the Agricultural Research Centre in Vantaa. In 1983, flea beetles were also collected at eight localities in southern Finland. The species identification is based on the following works: Heikertinger (1912) , Saalas (1933 ), Freude et al. (1966 and Keilbach (1966) .
Weather data are from the Kaisaniemi weather station in Helsinki. The effect of flea beetles on the seed yield of rapeseed was studied in 1980 using cylinder experiments. Four 10 by 10 m plots were sown on 16 May. The variety was »Torch» (untreated). Thirteen cylinders, each enclosing ten young rapeseed plants, were placed in each plot. Flea beetles collected from fields with the bollweevil traps were placed inside the cylinders in various numbers and intervals. From 2 to 9 June, 4 cylinders in each study plot contained 1, 2 and 3 flea beetles/plant and the control, and from 2 to 17 June, 2 to 21 June and 9 to 21 June respectively 1 and 2 flea beetles/plant and the control. Rapeseed was at the seedling stage on June 2 and by June 9 young plants already had first pair of true leaves. After that the flea beetles and the cylinders were removed. were observed as early as April 25. In the following year the first observations were two weeks later, on May 9. Thus the time of emergence varied considerably. This was primarily due to the early spring weather, but apparently also to the location of the overwintering site. The majority of flea beetles, however, emerged during the second half of May, when both day and night temperatures became markedly higher (Fig. I ).
Orientation offlea beetles to host plants
The orientation of flea beetles to host plants was observed by using young radish plants. These were placed out in the field well before the emergence of flea beetles and before the appearance of any green vegetation. The results indicate that flea beetles were attracted by the odour of radish plants even to the bare, ploughed field (Fig. 2) 
Suction trap observations
Compared with other collecting methods, the suction trap observations (Fig. 3) quite clearly indicated the appearance and activity period of flea beetles during the growing season. On the other hand, the rather low numbers indicated that flea beetles move close to the ground and only short distances. They did not even reach the one metre height re- quired for effective trap function. The annual variation in the numbers of trapped flea beetles was apparently the result of differences in the cultivation pattern. In 1981 there was still a rather large area of rapeseed in the vicinity of the trap, whereas in 1982 the adjacent plot was only about 10ares and the larger field was several hundred metres away. The importance of temperature in controlling flea beetle activity was further supported by the trap observations. Numbers were abundant only when the daytime temperature exceeded -i-20°C. In 1982, there was a ten day cold period in May. The daytime temperature was only about -I-12°C and no flea beetles were found in the suction trap.
Species composition
In spring, before the growing season, traps placed on grass and ploughed field collected several species of flea beetles ( Table /. ). At this time flea beetles were moving in the vicinity of overwintering sites searching for suitable host plants.
The species found on young sugarbeet plants in 1981-83 are shown in Table I . The numbers of flea beetles were always very low, and the percentage distribution thus gives a distorted impression of the importance of different species.
The abundance of Chaetocnema concinna varied greatly. The species composition was strongly affected by the influx of flea beetles from the adjacent vegetation. In 1981 the sugarbeet field was surrounded by barley fields and Phyllotreta vittula was abundant on sugarbeet. In 1982, P. undulala and P. striolata, typical species on Cruciferae plants, invaded sugarbeet from the large rapeseed field nearby. The Longitarsus sp. moved to sugarbeet from weeds. In 1983, the sugarbeet plot of 1 are was surrounded by rapeseed and radish plots of the same size and the proportion of Chaetocnema concinna remained small.
Phyllotreta undulala was the dominant species on young rapeseed plants ( Table 1) . Its proportion varied from 75 % to 85 %. In 1981, the rapeseed plot was in the middle of a barley field, which explains the proportion of P. vittula. The abundance of P. slriolala varied from 3 % to almost 9 %. Of other species only a few specimens were found and they were thus insignificant as pests.
Young radish plants attracted flea beetles quite effectively ( Table I ). The species composition and relative abundance were of similar type as described for rapeseed. However, the proportion of P. slriolala was greater than on rapeseed, being from 14 % to 24 %.
The species composition in the sweepnet samples is presented in Table 2 . The samples from Isokyrö are interesting because rapeseed and sugarbeet had not been cultivated in the region for ten years before the sampling. Thus the species composition to a great extent represents the natural flea beetle fauna of the region.
The results of the 1981-82 netting from rapeseed indicate that the proportion of P. undulata in the new generation continued to increase. Table 2 shows how P. striolata favoured radish. It also dispersed to rapeseed and sugarbeet, whereas Chaetocnema concinna moved to neither rapeseed nor radish.
Abundance offlea beetles
During the growing season two peaks of abundance occurred (Fig. 4) . The first peak in May-June consisted of overwintered flea beetles and the other in July-August of adults of the new generation. The incidence of flea beetles varied greatly also from year to year. The incidence of flea beetles on the experiment area in Vantaa seemed to decrease with a decrease in the cultivation area of rapeseed and sugarbeet. In 1979-80, there was still a 0.5 hectare plot of winter turnip rape on which flea beetles thrived. Later in summer great numbers of flea beetles of the new generation moved to spring turnip rape nearby. In 1980 -81, spring turnip rape was treated against blossom beetles and that reduced also flea beetle numbers effectively ( Table 3) . 
Damage and threshold levels for control
The damage caused by flea beetles and its impact on yield were studied in cylinder and cage experiments. The results are presented in Fig. 5 and Table 5 . It seems that in the average growing conditions one flea beetle per cotyledon is the threshold level for control measures. However, damage is greatly affected by the growing conditions. Serious damage occurred only during the relatively short seedling stage. Later, even numerous flea beetles did not hamper the growth of host plants. The rather high plant density, 350 plants/nT, is a good protection against damage, for in the usual growing conditions the threshold level of (Table 6 ).
growing conditions were better. During control experiments flea beetles did not occur in numbers that would require routine coating of the seed. On the other hand, as Table 3 shows, the control of blossom beetles in about mid-June reduced the numbers of flea beetles too.
Control measures
For decades flea beetles have been controlled by routinely coating the seed. In the experiment carried out in 1980-83 it was found that the products used protected the cotyledons as expected (Tables 7 to 9 ). Of the new products, captan was found to be as effective as isofenphos, which was rather effective also in low dosage. When the results of 1982 and 1983 are compared, the effects of the growing conditions upon the emergence and the compensation capability of rapeseed and the amount of damage are all clearly observable. In the average growing conditions of 1982 the effect of the coating was positive, but its significance decreased in 1983 when the The lowest temperature in which Burgess (1977) observed flying flea beetles was + 14-15°C. According to Blunck (1921) and Löttge (1955) the temperature must be at least + 18°C before flea beetles fly from overwintering sites to host plants. According to Jones & Jones (1974) this dispersal flight does not begin before the daytime temperature reaches +2O°C. The suction trap observations and the radish box experiments indicate that flea beetles fly longer distances only after the daytime temperature reaches about + 20°C. However, flea beetles did also fly at lower temperatures than the +lB°C men- tioned by Blunck (1921) and Löttge (1955) .
For instance, the lowest daytime temperature at which the suction trap caught flea beetles was + 13.5°C. The trap catches insects at a height of I -2 1 -2 m in the air (Johnson 1950) , and the flea beetles caught were thus apparently on an extended flight. The suction trap observations quite clearly indicate the timing of emergence and the mobility of flea beetles during the growing season. According to Sommer (1981) the availability of host plants in spring greatly affects the development of flea beetle populations. This was also clearly observed in summer 1980 in Vantaa. The winter turnip rape field provided an ample food supply for flea beetles in spring. They reproduced extremely well, and the new generation moved in masses to feed on the adjacent spring rape field. The cultivation of winter turnip rape ceased in Finland in the mid 19705, which to some extent at least has evidently kept flea beetle populations rather low recently.
According to Moreton (1945) (Görnitz 1953 , Feeny et al. 1970 , Hicks 1974 , Nielsen 1977 . In addition, initiation of feeding is affected by feeding inhibitors these plants contain, such as glucosinolates and flavonoids (Nielsen et al. 1977 , Nielsen 1978 , Vargas& Kershaw 1979 . The radish box experiments also clearly indicated that flea beetles are attracted to their host plants by odour cues. Radish attracted only Phyllotreta undulata and P. striolata, which feed on Cruciferae species. Of other species, only a few beetles were caught, as also on the covered radish boxes.
The flea beetle species on cultivated plants in Finland have been studied by a few authors, such as Linnaniemi (1920 b, 1935 ), Saalas (1933 and Vappula (1962) . According to Vappula (1962) , of the flea beetles found on Cruciferae-species, Phyllotreta undulata is especially harmful, P. atra, P. nemorum (L.) and P. striolata being quite harmful. Chaetocnema concinna is especially harmful on beets. The experiments in 1972 and 1980-83 indicate, however, that only P. undulata and P. striolata had any significance as pests of Cruciferae-species. Chaetocnema concinna is the only flea beetle species damaging sugarbeet in Finland. During this study it was rather rare, but on extensive sugarbeet fields it may increse rapidly. Flea beetles normally living on other cultivated plant species or weeds moved also to rapeseed, radish and sugarbeet, but they did not cause damage.
No clear differences between the species composition were observed in southern and central Finland. P. undulata was the most common species, P. striolata being the second. The relative abundance of P. striolata increased somewhat towards the north. The surrounding vegetation greatly affected the species composition at all collection sites. It is not possible to estimate the regional incidences of flea beetles for the numbers may vary greatly even within a small area. Continuous cultivation of suitable host plants will increase the abundance of flea beetles.
In Southern Finland the spring peak incidence was reached in May-June while the new generation appeared in July-August depending on the weather. In Finland flea beetles have only one generation per year. In Central Europe the peaks are reached earlier than in Finland, and at least P. undulata has been observed to have a second generation (Löttge 1955, Jourdheuil 1960 , Sommer 1981 . Flea beetle numbers also fluctuate annually, depending, for instance, on weather conditions in the growing season and the availability of host plants (Sommer 1981) .
The incidence may vary considerably even within a small area and even the polyphagous Phyllotreta species prefer some host plants to others (Haddock 1945 , Dobson 1956 , Sommer 1981 .
The cylinder experiments clearly indicated that the relatively short seedling stage (about one week after germination) is the most sensitive period to flea beetle damage. Later, even several flea beetles did not hamper the growth. This is mentioned by Taylor (1968) and Lamb (1984) , too. According to Lamb (1984) damage was most significant during the first weeks after germination. During the first week the seedling mortality was high and the growth was slow during the first couple of weeks. The spring weather also affects the magnitude of damage (Löttge 1955 , Sommer 1981 . According to Lebedev (1924) and Pimentel (1961) flea beetles are more numerous in sparse than in dense growth. In the present study the numbers of flea beetles per sq.metre were so low that no difference in damage was observed between the sparse and dense growths. The sowing density of rapeseed, 350 seedlings/m 2 , provides a good protection against damage. Rapeseed is also able to compensate for the seedling loss by branching.
For decades seeds have been coated to prevent damage by flea beetles. These experiments indicated that the products now in general use reduce flea beetle damage effectively. Spraying against blossom beetles effectively reduced the numbers of flea beetles as well. lata (F.) olivat merkittäviä tuholaisia rypsiviljelyksillä. P. undulala.n osuus oli 80-90 % ja P. slriolala:n n. 10 % kirppojen kokonaismäärästä. P. slriolala oli yleisempi retiisi-kuin rypsiviljelyksillä. Sokerijuurikasta vioitti ainoastaan Chaetocnema concinna (Marsh). Myös muita kirppalajeja esiintyi vähäisinä määrinä rypsi-, retiisija sokerijuurikasmailla. Nämä eivät kuitenkaan aiheuttaneet tuhoja. Imupyydys keräsi vähän kirppoja, mutta se osoitti silti selvästi kirppojen esiintymisajankohdat.
Kirpat aiheuttivat eniten vahinkoa lyhyen sirkkataimivaiheen aikana. Torjunnan kynnysarvo oli tuolloin yksi kirppa/kasvi. Myöhemmin useatkaan kirpat eivät enää estäneet kasvua. Kirppojen esiintymisrunsaus oli tutkimuksen aikana niin pieni, että siementen torjunta-ainekuorrutus oli tarpeeton. Syysrypsin viljelyn loppuminen näytti olevan osasyynä kirppojen vähäiseen määrään. Toisaalta tuholaistorjunta rapsikuoriaista vastaan tehoaa myös kirppoihin.
